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Abstract. The Early - Middle Miocene transition can be studied in several sections from the north-western 
Transylvanian Basin, across the boundary between the Hida and Dej Formations. The Pâglişa and Râpa Dracului 
(Dej locally outcrop) sections offer a very good record of the changes in the sedimentary facies and micropaleontological 
content across the boundary. The lower parts of the sections display the upper Hida Formation with prodelta fine-grained 
sediments covered by coarser grained sediments related to a delta front progradation. Four sedimentary facies 
associations have been separated based on grain size and associated sedimentary structures. Micropaleontological 
assemblages are moderately to poorly preserved, with a low abundance and diversity. Planktonic Streptochilus 
pristinum is the main taxon associated with rare (< 10%) calcareous benthic foraminifera (Bulimina, Bolivina, 
Cibibicidoides). The Dej Formation consists of stacked channel lag deposits associated with lateral accretion bars and 
crevasse splays followed by fall-out tuffs and redeposited low density tuffites interbedded with low density fine siliciclastics. 
The deposits of Dej Formation from the investigated areas were separated in four facies associations based on grain 
size/petrography and primary sedimentary structures. Micropaleontological assemblages contain typical early Badenian 
planktonic foraminifera (species of Orbulina, Praeorbulina, Globigerinoides, and Globorotalia) associated to 
the main phase of the marine transgresion from the beginning of the Middle Miocene.
Keywords: Early-Middle Miocene boundary, Transylvanian Basin, planktonic foraminifera, sedimentology, 
progradation
The sedimentary fill of the Transylvanian Basin can be 
separated into four mega-sequences deposited during the Late 
Cretaceous to Late Miocene (Krézsek and Bally, 2006). The 
Lower Miocene mega-sequence (Fig. 1) is represented by the 
Hida Formation (Hofmann, 1879; Koch, 1900) and its equivalents 
consisting of deep water turbidites in the north, followed by coarse-
grained fan deltas towards south. These formations were deposited 
in a flexural basin developed in front of the uplifting Carpathian 
Pienides in the north (Tischler, 2005; Krézsek and Bally, 2006). 
Fan-deltas represent the falling stage, closing the sequence and 
are related to the uplifts in the source areas. The early stage of the 
following relative sea-level rise (low stand of the fourth mega-
sequence) can be recorded in the marine sediments covering the 
fan deltas (Beldean et al., 2010). A regional transgression during 
the Middle Miocene established relatively deep marine settings 
throughout the basin with mixed carbonate-siliciclastics platforms 
near the margins and siliciclastics (hemipelagites) environments 
in deeper areas (Filipescu and Gîrbacea, 1997; Krézsek et al., 
2010). At this time, the Transylvanian Basin was well connected 
with the Mediterranean and there was a great similarity in their 
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paleontological record. Transgression was balanced by the high 
sedimentary input provided by an important volcanic activity 
during the deposition of the Dej Tuff (14.38-14.37 Ma - de Leeuw, 
2011; 14.8-15.1 Ma - Szakács et al., 2012). 
The Lower – Middle Miocene boundary is widely accepted 
to be approximated by the Praeorbulina datum (Rio et al., 1997) 
and is consequently considered to correspond to the base of the 
Langhian, with an age of 15.97 Ma (Hilgen et al., 2012). However, 
recent approach suggests that the first occurrence of this taxon is not 
a suitable marker not only because of the controversial taxonomic 
concepts, but also because of its rarity and discontinuous distribution 
(Turco et al., 2011). Because the Langhian GSSP has not been 
defined so far, we will consider the traditional Praeorbulina event 
as marker for the Early-Middle Miocene boundary (Popescu, 
1975; Rögl, 1985; Lourens et al., 2004; Kováčová and Hudáčková, 
2005; Rögl et al., 2008). However, if the boundary would be 
correlated with the beginning of a new sequence, the occurrence 
of biserial planktonic Streptochilus (Beldean et al., 2010) prior to 
Praeorbulina suggests a possible placement of the boundary in a 
lower position.
The Early-Middle Miocene transition in the Transylvanian 
Basin was stratigraphically characterized by Popescu (1970), 
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Beldean et al. (2010, 2012) and de Leeuw et al. (2013). This 
transition can be followed trough three successive biozones 
which can be identified in the studied area (Pâglişa and Dej 
section) and also in Ciceu-Giurgeşti section (de Leeuw et al., 
2013). In all cases the assemblages of the lowermost part are 
dominated by biserial planktonic foraminifera of the Early 
Miocene Streptochilus pristinum Biozone (Beldean et al., 2010). 
Those are followed by conglomerate bed with foraminifera of 
the early Badenian Praeorbulina glomerosa Biozone. At Pâglişa 
and Dej outcop the Praeorbulina glomerosa Biozone was not 
identified due to the covered area. All sections end with the 
Orbulina suturalis Biozone.
 Our aim was to point out the changes in sedimentary facies 
and micropaleontological record across the Early-Middle 
Miocene boundary. Additionally, we considered the data 
published on calcareous nannoplankton by Chira et al. (2000) for 
Pâglişa and by Dumitrică et al. (1975), Mészáros and Filipescu 
(1991), and Chira and Bâlc (2002) for Dej.
MATERIAL AND METHODS
The investigated sections are located at Pâglişa, at about 45 km 
north from Cluj-Napoca (N 47º0’23.87”, E 23º38’24.75”) and at 
Râpa Dracului in Dej (N 47º08’83.01”, E 23º51’56.90”) (Fig. 2). 
The sedimentological interpretation relies on outcrop 
measurements and observations, while the micropalentological 
data were collected from the fine siliciclastics of the Hida and 
Dej formations. Twelve samples from Pâglişa were analyzed 
for foraminifera and fifteen for calcareous nannoplankton in the 
Hida Formation (N1-15), while ten samples were studied for 
foraminifera content in the Dej Formation (D1-10). In parallel, 
39 samples were investigated for foraminifera content from Râpa 
Dracului (Rp1-39). 
Foraminifera samples were processed by standard 
micropaleontological methods, the specimens were recovered 
from the 63 mm sieve and studied under stereomicroscope and 
SEM. Calcareous nannofossils were processed by standard 
smear slide technique and examined under the light microscope.
RESULTS 
Biostratigraphy
The Early/Middle Miocene (Burdigalian/Langhian) boundary 
is biostratigraphically associated to the FO of Praeorbulina marking 
the boundary between biozones M4 and M5 (Berggren et al., 
1995) (Fig. 3). Based on calcareous nannofossil the boundary 
can be roughly approximated by the LO of Helicosphaera 
ampliaperta Bramlette and Wilcoxon, 1967 marking the base 
of biozone NN5 (Martini, 1971; Maiorano and Monechi, 1998; 
Mandur, 2009). 
Based on the index fossil Helicosphaera ampliaperta 
identified in the lower part of Pâglişa section, the Late Burdigalian 
NN4 Zone (Martini, 1971) was establish. This is in accordance 
with previous studies, which indicate NN4 Zone for the top of the 
Hida Formation (Mészáros et al., 1976; Beldean et al, 2010; 2012). 
Fig. 1. Litho-stratigraphical units in the Transylvanian Basin during Lower and Middle Miocene (modified after Krézsek and Bally, 2006).
Fig. 2. Location of investigated section on the simplified geological 
map. 1 – Paleogene, 2 – Lower Miocene shallow marine formations, 3 
– Lower Miocene deep marine formation, 4 – Badenian, 5 – Sarmatian, 
6 – metamorphics, 7 – Quaternary, 8 – investigated sections, 9 – previous 
investigated section (modified after Beldean et al. 2010).
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In the upper part of the same section, Chira et al. (2000) identified 
assemblages belonging to NN5 and NN6 zones (partim). 
At Dej section, Dumitrică et al. (1975) and Mészáros and 
Filipescu (1991) identified taxa belonging to NN5 Sphenolithus 
heteromorphus Zone (Martini, 1971) proving the Early Badenian 
age of the tuff. 
Foraminifera assemblages are comparable in both 
investigated sections. The samples from the Hida Formation 
(Fig. 4) contain almost exclusively small biserial planktonics 
(Streptochilus pristinum Brönnimann and Resig, 1971) and 
a few specimens of Bolivina dilatata dilatatai Reuss, 1850, 
Bulimina elongata d’Orbigny, 1826, and Cibicidoides sp. (Pl. 
I), belonging to the Streptochilus-Bolivina Biozone (Beldean et 
al., 2010), located below the first occurrence of typically Middle 
Miocene Praeorbulina. 
The biserials seem to be associated with a transgressive 
event, considered here as belonging to the TB2.2 cycle of Haq et 
al. (1988) and Bur4 sequence of Hardenbol et al. (1998) (Fig. 3).
Miocene Streptochilus spp. have been described as tropical to 
warm-subtropical forms (Brönnimann and Resig, 1971; Kennett 
and Srinivasan, 1983; Resig, 1989), but they have been reported 
from the northernmost Atlantic Ocean (Flower, 1999) through the 
Bahamas Bank (Kroon et al., 2000), the equatorial western Pacific 
(Premoli-Silva and Violanti, 1981; Resig, 1989) and the eastern 
Indian Ocean (Resig, 1989). High abundances of biserial planktonic 
foraminifera are indicative of eutrophic waters in the Paleogene 
(Hallock et al., 1991), while high abundances of Miocene - Pliocene 
Streptochilus species were correlated with high accumulation rates 
of plankton (Resig, 1989). In Transylvanian Basin, the hypothesis 
of eutrophic waters seems to fit better, because an important 
planktonic bloom was recorded only subsequently, related to the 
advancing Middle Miocene transgression.
The first evidences of Middle Miocene fauna starts with 
samples D1 at Pâglişa and Rp 34 at Dej (Figs. 5-6). The samples 
collected from the Dej Formation show a high abundance 
of planktonic foraminifera, typical for the early Badenian 
(Langhian). Praeorbulina glomerosa (Blow, 1956) and Orbulina 
suturalis Brönnimann, 1951 occur together with Globigerina 
tarcahanensis Subbotina and Kutsieva, 1950, Globigerinoides 
quadrilobatus (d’Orbigny, 1846), Globigerinoides trilobus 
(Reuss, 1850), Globorotalia mayeri Cushman and Ellisor, 1939, 
Globoquadrina sp. (Pl. II). Unfortunately, the first occurrence of 
Praeorbulina glomerosa was not identified due to the covered 
area in both sections, but this event was well recorded not very far, 
at Ciceu-Giurgeşti (N 47°14’43.764”; E 24°02’3.768” - Popescu, 
1970; Beldean et al., 2010; de Leeuw, 2011; de Leeuw et al., 
2013). These assemblages are the result of a marine invasion is 
associated with Badenian transgression, which covered almost the 
whole Central Paratethys coming firstly with marine low latitude 
planktonic organisms. This transgression can clearly be correlated 
to the global sea level cycle TB2.3 of Haq et al. (1988) and Bur5/
Lan 1 sequence of Hardenbol et al. (1998) (Fig. 3).
Planktonic foraminifera assemblages from Dej Formation 
are associated with the main phase of transgression, which 
probably led oligotrophic conditions with stable environmental 
parameters. Similar assemblages were identified in the lower 
Badenian in Austria where the identified foraminifera indicated 
warm-temperate waters (Harzhauser et al., 2003).
SEDIMENTOLOGY
Four facies associations have been described for the Hida 
Formation based on sedimentological descriptions. Three facies 
associations were interpreted for the Dej Formation as mixed 
volcanoclastic/siliciclastic submarine channels to fall-out tuffs and 
redeposited low density turbiditic tuffites and fine grained siliciclastics.
1. Hida Formation 
The facies associations identified for the Hida Formation 
at Pâglişa (FA1 to FA4; Fig. 4) was described based on the 
grain size and associated sedimentary structures. The facies 
associations identified at Râpa Dracului (Dej) section are also 
described below (FA1 and FA4; Fig. 6): 
a) Facies association 1 (FA1)
Description. It was identified in the lower half of Pâglişa and 
lower part of Râpa Dracului outcrops. This facies association 
Fig. 3. Lower and Middle Miocene Biozones based on the foraminifera 
and calcareousnannoplankton in the Transylvanian Basin (gray hatch 
- identified biozone in this study) (zones based on Popescu, 1975; 
Haq et al., 1988; Berggren, 1995; Hardenbol et al., 1998; Rögl et al., 2008; 
Beldean et al., 2010).
Fig. 4. Sedimentary log for Hida Formation at Pâglişa.
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consists of dark grey mudstones, siltstones that are massive 
and parallel laminated (with organic material debris). The thin 
yellowish fine to fine-medium sandstones beds can be massive 
or with ripple marks (e.g., lenticular ripples, Pl. III, Fig. 1; Pl. IV, 
Figs. 1-2). The thicker yellowish fine to medium sandstones are 
massive and normal graded (Pl. IV, Figs. 3, 7, 8) with ripple marks, 
convolute structures and horizontal laminations (with organic 
material debris) locally with coal (lignite) chips (Pl. IV, Fig. 4) 
and mudstones rip-up clasts (Pl. IV, Fig. 7). Fine conglomerates 
or sandy fine conglomerates are present as well at the base of the 
sedimentary beds. Erosional scours, water escape and load casts 
are present at the base of massive to normally graded sandy fine 
conglomerates. Water escape, load casts are common at Pâglişa 
but not at Râpa Dracului section. No bioturbations have been 
clearly observed at Pâglişa, while vertical/horizontal burrows are 
extensively present at Râpa Dracului (Pl. IV, Figs. 1-3, 7). 
Facies interpretation. The accumulation of fine sediments 
was produced through low density turbiditic flows, maybe 
in a prodelta environment (Tanaka and Maejima, 1995). The 
massive muds are related to a quiet settling, while the presence 
of laminations indicates lower flow regimes. 
Coal chips indicate a nonmarine source, probably delivered 
by distributary channels (Gani and Bhattacharya, 2007) and were 
redistributed seaward (Pl. IV, Fig. 4). The sandstones beds could 
be interpreted as belonging to the fan lobes associated with minor 
channels from the delta front. The abundant load casts and no 
obvious bioturbation at Pâglişa, low abundance of microfossils, 
suggest high sedimentation rates (Bhattacharya and Davies, 
2001). The extensive presence of the vertical/horizontal burrows 
in the FA1 from Râpa Dracului points towards a low energy 
environment, abundant in nutrients, disturbed by the sandstones 
and sandy fine conglomerates channels/lobes (Pl. IV, Figs. 1, 3, 
7). This could be explained by the more distal position of the 
Râpa Dracului section compared to Pâglişa. 
b) Facies association 2 (FA2)
Description. This facies it is characterized by coarser 
sandstones compared to FA1 with numerous sandy fine 
conglomerates intercalations. Few massive lenticular mudstones 
beds with planktonic and benthic foraminifera are present (Pl. III, 
Fig. 5; Pl. V, Fig. 10). 
Rip-up clasts and scour structures are present at the base of 
coarse channels-deposits (Pl. III, Fig. 2). Multiple amalgamations 
(Pl. III, Fig. 4) are characteristic for this facies association. The 
sandstones are massive or normal graded sometimes with horizontal 
lamination (Pl. III, Fig. 2), ripple and a thin scoured fine sand dune. 
Imbrications [a(p)a(i) type] develop in the fine conglomerates beds 
and suggests a paleoflow towards the South-East. The conglomerates 
beds are massive, normally and reversely graded with numerous 
scour structures. Deformational structures (flames-like structures) 
(Pl. III, Fig. 3) are present between the sandstones or between the 
sandy fine conglomerates beds. On a larger scale normal graded fine 
conglomerates, sandy conglomerates to medium-fine sandstones 
normally graded cycles can be observed (Pl. V, Fig. 10).
Facies interpretation. The gravitational sediment flows that 
produced this deposits range from high dense turbiditic flows 
(Mulder and Alexander, 2001) or concentrated flows to low dense 
turbiditic flows. Oversized clasts can be the result of flow partitioning 
on inclined paleogeomorphology as a product of debris-falls. 
This facies association probably can be interpreted as belonging 
to a middle-distal delta front made of sandy thin conglomerates, 
sandstones lobes and associated channels. Fig. 5. Sedimentary log for Dej Formation at Pâglişa (for legend see Fig. 4).
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Fig. 6. Sedimentary log for Dej and Hida formations at Dej (Râpa Dracului).
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c) Facies associations 3 (FA3)
Description. This facies association comprises sandy fine 
conglomerates, fine conglomerates and fine to coarse sandstones. 
It starts with a tabular single set dune (Fig. 4) with fine gravelly 
sandstones. The thickness of the tabular set dune decreases 
in (from 10 cm to 5 cm) down-current. The second single set 
dune (coarse sandstones with fine conglomerates) is thicker, 
with epsilon set geometry (~60 cm) and its thickness decreases 
down-current (Pl. III, Fig. 7). The foresets points toward a south-
east paleoflow direction. A very small amount of mollusk shell 
bioclasts develops on the foresets. Massive to normally graded 
sandy conglomerates occur together with massive and normal 
graded sandstones. Water escape, load casts, scour marks, 
horizontal lamination, climbing ripples are present in some 
sandstones deposits. The sandy fine conglomerates commonly 
have rip-up clasts with load casts („flames”) between the bed 
contacts.
Facies interpretation. The first dune tabular geometry 
suggests sedimentation based on traction currents with fine 
gravels rolling down on foresets, which create reverse grading. 
The second dune is of low angle and has epsilon geometry. 
This type of geometry suggests sedimentation from traction and 
suspension (indicates higher velocities than the tabular one). The 
climbing ripples on the second dune can be a good indicator of 
a (?) hyperpycnal flow (Mulder and Alexander, 2001). “Flames” 
can point out the paleoflow direction (Nort to South). These 
sedimentary structures represent the key for the facies association 
interpretation. They might point out for a middle-proximal delta 
front.
d) Facies association 4 (FA4)
Description. The fourth facies association was identified on the 
top of the exposed Hida Formation, outcrop at Pâglişa and Râpa 
Dracului. It is represented by massive to normally graded coarse-
grained deposits (from fine to medium-coarse pebbles, cobbles and 
boulders - conglomerates). At Pâglişa (Pl. V, Fig. 1) it occurs as 
multiple lenses (cm to dm) with a coarsening upward trend of coarse 
gravels (orthoconglomerates and very few paraconglomerates), 
sandy conglomerates in a sandy matrix. At Râpa Dracului (Pl. IV, 
Fig. 5) this facies association is made of closely stacked (around 
2.5 m) coarse grained deposits (only orthoconglomerates with a 
coarsening upward trend), with a sheet like geometry. 
Facies interpretation. The clast-supported texture and the 
mud-free nature of the matrix point towards a hyperconcentrated 
flow (sensu Mulder and Alexander, 2001) or cohensionelss debris 
flow. The normal graded beds represent sedimentation from high-
density turbidity currents (Lowe, 1982) or concentrated flows 
(Mulder and Alexander, 2001). These conglomerates are rounded, 
probably due to the processing in a beach environment prior to 
resedimentation seaward (Leigh and Hartley, 1992). The thick FA4 
and also the thin sandstones beds from Râpa Dracului compared 
to Pâglişa are probably because of the different positions related 
to the source area. The presence of this FA 4 at the top of Hida 
Formation points out to a coarsening upward trend which suggests 
a progradational pattern.
2. Dej Formation 
The lower part of the Middle Miocene (Dej Formation) 
consists of white-greenish tuffites (with a grain size between 
lapilli and coarse to medium ash), pumice, and fine green tuffs. 
Also, siliciclastic dark-grey low and high density turbiditic flows 
associated deposits are intercalated. Several facies associations 
(FA5, FA6a, FA6b and FA7) have been separated based on grain 
size/petrography and primary sedimentary structures (Figs. 4-5).
a) Facies association 5 (FA5)
Description. Described only from Râpa Dracului (Fig. 6) 
consists mostly of fine sediments with few thin intercalations 
of massive fine sandstones or siltstones (Pl. IV, Fig. 9). Thicker 
massive grayish muddy fine sandstones beds (with siltstones 
intercalations) develop at the base of the early Badenian 
deposits. Early Badenian planktonic foraminifera (Preorbulina, 
Orbulina) have been found in FA5. 
Facies interpretation. The thicker grayish massive muddy 
fine sandstones beds at the bottom of FA5 (concentrated flows, 
Mulder and Alexander, 2001) with thin intercalations of massive 
siltstones, mudstones might be related to a reminiscent delta front 
affected by the early Badenian transgression. The sedimentation 
continued in a low subsidence setting (Krezsek and Filipescu, 
2005) with fine sediments deposited as distal lobes (low density 
turbiditic deposits). These distal lobes were probably deposited 
in a distal shelf or deep marine environment containing typical 
early Badenian planktonic foraminifera, which are characteristic 
to the main stage of the sea-level rise (transgression).
b) Facies association 6 (FA6)
Description. It can be divided into two subfacies (6a and 
6b) based on sedimentological features (Figs. 5-6). FA6a was 
identified in both investigated sections and include coarse 
tuffites with pumice (grain size from lapilli to ash) with 
medium size tuffites on top. Tuffites resulted from homogenous 
mixing between siliciclastic and/or limestone material with 
variable amount of pyroclastic fragments, composed mostly 
by vitric shards, crystaloclasts and pumice (Seghedi and 
Szákacs, 1991). Rip-up clasts (erosional basal lag) developed 
in a massive to a normal graded fabric (Pl. V, Fig. 5) at the 
base of FA6a. Only at Râpa Dracului the mudstones rip-up 
develop in a pseudo-imbrication pattern and have boulder 
sizes (Pl. IV, Fig. 6). Cross-stratification or epsilon cross 
stratification develops with small oversplay crevasse channels 
(Pl. V, Figs. 2, 5; Pl. IV, Fig. 6). Facies association 6a ends 
with medium-coarse tuffites in massive to normally graded 
beds. The erosional contact between the FA6a and FA5 can be 
observed at Râpa Dracului (Pl. IV, Fig. 9).
FA 6b develops only at the upper part of the Pâglişa outcrop. 
It starts with massive to normally graded medium to coarse 
tuffites (with fine conglomenrates and pumice intercalations) 
(Pl. V, Fig. 8) with rip-up clasts and deformational structures 
(load casts). Grain size decreases towards the top and medium 
to coarse tuffites are replaced by medium to medium-fine tuffites 
(locally with pumice) with rip-up clasts and flutes (North West 
to South East paleoflow direction, Pl. V, Fig. 3). An interesting 
feature is the presence of fine green tuff rafts. It is interbedded 
with the FA7 towards the top of the Pâglişa section.
Facies interpretation. Overall FA6a has a normally graded 
pattern, which is typical for a channel like structure (finning 
upward trend). These deposits represent large meandering 
channels that have an erosional base, followed by meandering 
bars with small oversplay crevasse channels. 
FA 6b is made of smaller stacked submarine channels 
compared to FA6a and has a fining upward trend with erosional 
boundaries (e.g., fine tuff rafts) typical for a channel like 
deposit. These channels could have been highly influenced by 
the volcanic activity.
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c) Facies association 7 (FA7)
Description. The main unit of FA7 developed between 
the lower FA6a and upper FA6b at Pâglişa. At Râpa Dracului 
these facies association can be observed in top of the FA6a 
but detailed investigation was not possible due to the difficult 
geomorphology. FA7 contains the typical green fine vitroclastic 
Dej Tuff. Grain size varies from fine to medium-fine and rarely 
to medium tuffs (with pumice), tuffites with detritic mudstones, 
siltstones (?hemipelagites) (Pl. V, Fig. 7). These fine, fine-
medium sediments are massive, but reverse grading develops 
in top of the fine tuff beds because of the pumice (Pl. V, Fig. 
6). Bioturbations (Cruziana type) develops on top of the Pâglişa 
outcrop (Pl. V, Fig. 4). Oxidised vegetal material, horizontal 
laminations, ripples marks also occur in fine tuffites. The fine 
siliciclastic sediments are massive or laminated.
Facies interpretation. FA7 is the result of fall-out 
sedimentation or redeposited low-density turbidites. The thin 
organic rich laminated mudstones (shalestones) were deposited 
due to low hydrodynamics that caused a decrease in the oxygen 
level and permitted the conservation of the organic material.
The Cruziana ichnofacies from the top of Dej Tuff indicates 
a sublitoral zone (marine offhore) with normal salinity, low 
hydrodinamics sometimes exposed to storm waves. 
Based on the facies associations, the depositional 
environment of Hida Formation present at Pâglişa and Dej 
(Râpa Dracului section) outcrops can be interpreted as part of a 
distal fan delta environment characterize by numerous sediment 
gravity flows associated deposits. The age of this environment 
is upper lower Miocene (Burdigalian/Karpatian), as proven by 
the foraminifera and calcareous nannoplankton assemblages 
identified in the mudstones intercalations. Fan deltas develop 
in subaqueous (submarine in this case) environments as the 
submarine extension of the alluvial fans. Commonly they were 
dominated by various non-cohesive sediments originating from 
turbiditic flows (sensu Mulder and Alexander, 2001). Characters 
of delta front and a prodelta were identified in both investigated 
sections. The alluvial fan settings have not been identified. Sandy 
delta front develops at outcrop scale in a tabular geometry (lobes) 
with lenticular/sheet conglomerate beds (Săsăran, 1997) with 
rare intercalations of massive to laminated mudstones. 
A coarsening upward trend can be observed, which indicates 
the progradation of the fan deltaic deposits (FA1 → FA2 → FA3 
→ FA4 at Pâglişa section and FA1 → FA4 for the Râpa Dracului 
section). This implies a vertical succession where proximal 
facies gradually replace the distal facies in time (Martins-Neto 
and Cătuneanu, 2010). The fan-delta probably developed as 
response to the tectonic activity (Pienides thrusting), which 
uplifted the adjacent source area. 
The paleocurrent directions (ripples, dunes and scours) are 
strongly unidirectional and suggest a north-western source area. 
This is also supported by the sense of shear flame structures and 
of fine gravel imbrications. 
For the Dej Formation we consider that FA5, FA6 and FA7 
developed in self margin to deeper marine settings. Keeping in 
mind the early Badenian transgression conditions, FA6a erodes 
the distal lobes of FA5 probably because of the high volcanic 
activity. FA7 contains fall-out tuffs (+ fine siliciclastic sediments), 
which are massive, not affected by wave energy or volcanic 
activity. These might be interpreted as FA7 was deposited in distal 
self or deep marine conditions, where planktonic foraminifera 
dominated. The top of the last FA7 in the Paglisa section contains 
the Cruziana ichnofacies that suggests offshore conditions.
FA6b (Paglişa) eroded the distal facies association because 
of the high sedimentary input provided by the volcanic activity. 
FA5, FA6 and most of FA7 developed in deep marine settings. 
CONCLUSIONS
Based on planktonic foraminifera two biozones have been 
clearly identified: Streptochilus-Bolivina and Orbulina suturalis 
Zones. Planktonic foraminifera correspond to distinct intervals on 
the relative sea-level curve: Streptochilus - eutrophic environment 
associated to the initial sea-level rise (lowstand systems tract), 
Orbulina - oligotrophic environment associated to the main phase 
of the transgression (transgressive systems tract). 
Based on grain size and primary sedimentary structures 
4 facies associations have been distinguished for the Hida 
Formation in which a “coarsening upward” trend was dominant. 
The depositional system belongs to a distal fan-delta with 
prodelta to delta front depositional environments characterize 
by numerous sediment gravity flows associated deposits. 
Three facies associations have been separated for the Dej 
Formation. Overall, the first facies association is represented 
by distal lobes (deep marine to offshore settings). The FA6 
comprises large meandering channels to small channels, highly 
influenced by the volcanic input. FA7 is made of fall-out deposits 
and low density turbiditic deposits with bioturbations pointing 
out a more quiet volcanic activity. 
All these features suggest that the Early-Middle Miocene 
transition in the north-western Transylvanian Basin was 
produced in a transgressive context strongly influenced by the 
tectonic activity and associated volcanism.
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Plate I. Foraminiferal assemblages from Hida Formation. 
Figs. 1-6. Streptochilus pristinum Brönnimann & Resig. 
Figs. 7-8. Bulimina elongata d’Orbigny.
Fig. 9. Bolivina dilatata dilatata Reuss. 
Fig. 10. Cibicidoides sp. 
Fig. 11. Protelphidium roemeri (Cushman).
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PLATE II
Plate II. Foraminiferal assemblages from Dej Formation. 
Figs. 1-2. Globorotalia mayeri Cushman & Ellisor.
Fig. 3. Globigerinoides sp.
Figs. 4-6. Globorotalia transsylvanica Popescu. 
Figs. 7-8. Globorotalia sp.
Figs. 9-10. Orbulina suturalis Brönnimann.
Fig. 11. Praeorbulina transitoria ? Blow.
Fig. 12. Globigerinoides trilobus (Reuss).
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PLATE III
Plate III. Sedimentary facies from Pâglişa. 
Fig. 1. Lenticular sand ripples in a mud framework in F.A. 1. 
Fig. 2. Scour erosional limit that cuts a fine gravelly sand dune and the laminated sand with rip-up clasts developed (F.A. 2).
Fig. 3. a(p)a(i)-type imbrication of the granules; load structures (F.A. 2).
Fig. 4. Amalgamated bipartite beds (F.A. 2).
Fig. 5. Massive mud, interpreted as a interchannel/interlobe fine deposits (F.A. 2). 
Fig. 6. Climbing ripples (F.A. 3).
Fig. 7. Gravelly medium-coarse sandstones sigmoidal dune.
Fig. 8. Flame structures bipartite layers (F.A. 3).
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PLATE IV
Plate IV. Sedimentary facies from Dej (Râpa Dracului). 
Fig. 1. Oblique view of lenticular ripple marks structures partly destroyed by bioturbations (F.A. 1).
Fig. 2. Lenticular ripple mark to bioturbated, normal graded sands (F.A. 1) of the Hida Formation.
Fig. 3. Vertical and horizontal burrows in normal graded sand bounded by massive mud (F.A. 1).
Fig. 4. Coal fragment (lignite) in normal graded, laminated, and rippled fine-medium sand caped by massive mud (F.A. 1).
Fig. 5. A 2.5 m sandy gravels stack (F.A. 4).
Fig. 6. Pseudo-imbricated rip-up clasts developed in mixed vulcanoclastic-siliclastic point bars which were part of some meandering
submarine channels (F.A. 6a).
Fig. 7. Thick normal graded sand bed with crude horizontal lamination towards the top; small coal chips; vertical and horizontal burrows in
the sand unit.
Fig. 8. Distal delta front beds that consist of normal graded granules and medium-coarse sands to normal graded sand separated by rip-up
level (erosional limit) (F.A. 1). In the upper part, sandy gravel (granules to boulders-orthoconglomerates) in the F.A. 4.
Fig. 9. Thick mud layers with thin intercalations of massive sands (F.A. 5); the erosional contact between the siliciclastic and the mixed
vulcanoclastic/siliciclastic of the Dej Formation is visible.
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PLATE V
Plate V. Sedimentary facies from Pâglişa. 
Fig. 1. Sandy gravels (with boulders) lenses in top of the Hida Formation (F.A. 4).
Fig. 2. Point bars-perpendicular view to outcrop (F.A. 5a) followed by fall-out volcanic towards the top of the picture (F.A. 6).
Fig. 3. Flute structures at the base of a smaller mixed vulcanoclastic/siliciclastic submarine channel (F.A. 5b).
Fig. 4. Bioturbations (?Cruziana ichnofacies) on top of the exposed Dej Formation outcrop (F.A. 6).
Fig. 5. Stacked mixed vulcanoclastic/siliciclastic submarine meandered channels with channel lag deposits at the base, crevasse splays and
point bars in the middle part.
Fig. 6. Massive to reverse grading tuff with pumice - middle part of the exposed Dej Formation outcrop (F.A. 6).
Fig. 7. Massive clayey silt with massive tuff couplets - middle part of the outcrop (F.A. 2) (scale bar: 20 cm).
Fig. 8. Mixed vulcanoclastic/siliciclastic submarine channel lag of the second finning upward sequence (F.A. 5b).
Fig. 9. Massive normal graded, laminated reworked tuffs with some thin cross-lamination; dark brownish organic laminated mud (F.A. 5b).
Fig. 10. Bipartite beds of sandy gravel and medium-fine sands; deformed and scoured mud bed.
